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(54) LUBRICANT FOR HARD MAGNETIC DISK 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain good lubricating performance, 
high extreme-pressure performance and good adhesion strength to 
a diamond-like carbon protective film by using a lubricant 
essentially comprising a specified phosphagene compd. 
SOLUTION: A phosphagene compd. expressed by the formula is 
used as the main component. In the formula, R is a hydrogen atom, 
1-4C alkyl, 1-4C alkoxy or 1-4C haloalkyl group, (a) and (b) are 
each real numbers 0 to 2,(x) is 1, 2, 3 or 4, (y) is 3 or 4. The 
phosphagene compd. expressed by the formula is prepared, for 
example, by the reaction of phosphonitrile halide oligomers and alkali 

metal salts of phenols or alkali metal salts of fluoroalcohols. As for (q<c«i-U*ri k £OCh, (ci-'j Ui-'s^tll e\ 

the phosphonitrile halide oligomers, for example, a phosphonitrile 
chloride trimer can be be used. The obtd. phosphagene compd. as it 
is may be used as the lubricant. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

"l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Lubricant for hard magnetic disks which uses as a principal component the phosphazene compound 
expressed with a general formula (1). 
[N=P[0(C6H4) R]a[OCH2(CF2CF2) xH]b] y (1 ) 

R is a hydrogen atom, the alkyl of C 1-4, and the halo alky! of alkoxy **C 1-4 of C 1-4 among [type, a and b are 
a+b=2 with the real number of 0-2, x is 1, 2, 3, or 4, and y is 3 or 4. ] 

[Claim 2] Lubricant according to claim 1 which is the lubricant for hard magnetic disks by which surface coating was 
carried out by the carbon protective coat 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the lubricant of the hard magnetic disk which is a mass record 
medium. Furthermore, this invention relates to the surface lubricant of the hard magnetic disk used as a record 
medium in detail in the recording apparatus of the contact start stop (CCS) method used as the structure where a 
record medium and the component for record / playback contact at the time of the beginning of using and a halt 
[0002] 

[Description of the Prior Art] The Internet, intranet a Local Area Network, etc. spread and information can be easily 
taken out only by accessing a network. Although such multimedia age is supported, external storage is in one. The 
so-called thing of the method with which a record-medium layer is prepared on a circular substrate with high 
reinforcement (hard disk) as existing mass external storage, high-speed rotation of this hard disk is carried out, and 
the component for record / playback <a head> operates, and CSS is common, and there are a fixed magnetic disk, 
an optical disk, a magneto-optic disk, etc. as a hard disk. It is equipment using a fixed magnetic disk which has 
spread most in these. 
[0003] 

[Problem(s) to be Solved by the Invention] In order to perform large capacity-ization, without changing the size of 
these external storage, it is necessary to increase the surface recording density of a record-medium layer. For that, 
it is required to make bit size small and to bring a head close to a record medium as much as possible. In order to 
make spacing of a head and a disk small, irregularity on the front face of a disk must be made small, for example, for 
setting spacing to 1 0Onm or less, irregularity must be set to 10nm or less. And if the smooth nature on the front 
face of a disk is raised, a head will become easy to stick by one side to a disk side. Moreover, in order to acquire 
high-speed responsibility, it is necessary to gather the degree of bit ******, as a result the rotational speed of a 
disk. For example, 5400 - 7200rpm is required for the maximum engine speed of a 3.5 inch hard disk, and the head 
transit rate of a disk periphery has reached 125 km/hr. However, each above modification makes a disk, the contact 
probability of a head, wear, etc. increase sharply, and makes dependability fall. 

[0004] In order to cope with these and to protect a disk front face and a head, the approach of making [ many ] 
coverage of the lubricant to a disk protective coat front face is the simplest. However, if coverage of lubricant is 
made [ many ], the sliding friction of lubricating film will increase the absorption of lubricant and it not only becomes 
large, but will cause a halt and burning of a spindle motor. If the lubricant of hypoviscosity is used in order to reduce 
a sliding friction, at the time of high-speed rotation of a disk, lubricant will move and disappear from a protective 
coat and will cause contact of a disk and a head, and breakage. Lubricant makes the film of lubricant with the 
uniform thickness of a molecule very simply on the protective coat prepared on the hard disk, and is reducing 
friction and wear which are produced at the time of hard disk rotation, and starting and a halt of equipment. In order 
to protect a disk and a head, a sliding friction is small, bonding strength with a protective coat is large, chemical 
stability, thermal stability, and corrosion resistance are [ it is low coefficient of friction and ] large, it has low- 
temperature lubrication capacity -10 degrees C or less, and the lubricant in which thin-film[ super-]-izing is 
possible is required of low vapor pressure. It is that are 20,000 CSS endurance or more and there is no change of 
coefficient of friction in the lubricant for hard disks. That is, even if it exceeds 20,000 times in a CSS repeat test, 
there are no abnormalities, such as a blemish, in printing and the disk of a head, and it is required that change of 
coefficient of friction should be 0.3 or less. 

[0005] The diamond-like carbon (DLC, Diamond Like Carbon) protective coat is used for the surface protective coat 
of the present hard disk from viewpoints, such as chemical stability, reinforcement, thin-film[ super-]-izing, and 
smooth nature. Since most is carbon so that clearly also from the structure, the protective coat concerned has 
small chemical affinity, and adhesion force has no choice but to hydrogen base [ which is intermingled slightly ], 
such as hydrogen bond with a nitrogen atom, and Van der Waals force. Then, as lubricant, perfluoroalkyl polyether 
oligomer (it abbreviates to "PFPE" below) is common (monthly tribology, the 99 or No. November issue, 37-38 
pages, 1995). Although PFPE is equipped with the low surface energy originating in full RUORO carbon, chemical 
inertness, low vapor pressure, and thermal stability, the bonding strength on low surface energy, therefore the front 
face of a protective coat is weak, and there is a fault to which lubricant moves and disappears from a protective 
coat with the centrifugal force of disk rotation. In order to stop this, the additive of the second component is used, 
but (USP4871625) since [ of low compatibility ] it originates in the fluorocarbon of PFPE, the present condition is 
that cause phase separation and sufficient effectiveness is not acquired. Then, although there are some 
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(AUSIMONT K.K., FOMBUN Z derivative) which introduced functional groups, such as a hydroxyl group and an acyl 
amide group, into the edge or center section of the PFPE principal chain in order to give affinity to PFPE, the 
functional group which has these active hydrogen has a possibility of reducing chemical stability by friction with a 
head. The technical problem of this invention is to offer the lubricant for hard disks which has good CSS endurance. 
[0006] 

[Means for Solving the Problem] This invention relates to the lubricant for hard magnetic disks which makes an 
active principle the phosphazene compound expressed with a general formula (1). 
[N=P[0(C6H4) R]a[OCH2(CF2CF2) xHjb] y (1) 

R is a hydrogen atom, the alkyl of C 1-4, and the halo alkyl of alkoxy **C 1-4 of C 1-4 among [type, a and b are 
a+b=2 with the real number of 0-2, x is 1, 2, 3, or 4, and y is 3 or 4. ] 

The good CSS endurance of this invention compound is based on the good adhesion force to the good lubrication 
engine performance, high extreme pressure engine performance, and DLC protective coat of a compound (1) which 
have already been shown in many precedence reference, such as Japanese Patent Application No. No. 47680 [ 57 
to ]. It is thought that the good adhesion force to a DLC protective coat is based on the synergistic effect of an 
interaction with a nitrogen atom and the interaction of a phosphazene ring and a DLC protective coat here at the 
hydrogen list of the hydrogen of a fluorocarbon end and a DLC protective coat by which polarization was carried out 
with the adjoining fluorine atom. 
[0007] 

[The mode of implementation of invention] In the phosphazene compound expressed with the general formula (1) of 
this invention, as alkyl of C 1-4 of R, if C 1-4 carries out alkoxy ** of methyl, ethyl, propyl, the butyl, etc., the 
radical to which a fluorine, chlorine, and a bromine permuted methoxy and ethoxy ** propoxy, butoxy one, etc. by 
the above-mentioned alkyl group as halo alkyl of C 1-4 can be mentioned. These phosphazene compound is a well- 
known compound given in JP,58-164698,A, JP,62-265394,A, JP,63-103428,A, a U.S. Pat. No. 4613548 specification, 
etc., for example, can be manufactured by making the oligomer of phospho nitril halide, and the alkali-metal salt of 
phenols and the alkali-metal salt of fluoro alcohols react. As oligomer of phospho nitril halide, tetramers, etc. such 
mixture, etc. of the trimer of phospho nitril chloride and phospho nitril chloride can be mentioned here, for example. 
Moreover, as phenols, a phenol, methyl phenol, a methoxy phenol, a trifluoro methoxy phenol, 3-hydroxy benzo 
trifluoride, and the other things of a USP [ No. 4613548 ] publication can be mentioned. As fluoro alcohols, the 
mixture of 1, such as 1, 1, 3-trihydro perfluoro propanol, 1 and 1, and 5-trihydro perfluoro pentanol, 1, omega- 
trihydro perfluoro alcohol, etc. this, and 2, 2, 3, 3, and 3-pentafluoro propanol etc. can be mentioned, for example. 
The phosphazene compound of the general formula (1) which has desired a, b, x, and y value is obtained by changing 
suitably the class and the amount of phenols and the fluoro alcohols used in the case of manufacture. 
[0008] In this invention, the phosphazene compound of a general formula (1) can be used as lubricant as it is, or the 
phosphazene compound of a general formula (1) may be dissolved and used for a suitable organic solvent. As an 
organic solvent, for example Aromatic hydrocarbon, such as toluene and a xylene, A methylene chloride, chloroform, 
1,1,1-trichloroethane, Halogenated hydrocarbon, such as 1,1,2-trichloroethane and trich I orofluoro ethane 
(chlorofluocarbon 113), The ether, such as diethylether, dimethoxyethane, dioxane, and a tetrahydrofuran, Alicyclic 
hydrocarbon, such as ester, such as ethyl acetate, ethyl butylate, and amyl acetate, a cyclohexane^ cycloheptane, 
and cyclooctane, dimethylformamide, dimethyl sulfoxide, two or more sorts of these mixed solvents, etc. can be 
mentioned. 

[0009] It is used for the coat by the lubricant of this invention on a DLC protective coat, usually forming. Formation 
of the coat of this invention lubricant can be carried out with ** etc. according to a well-known approach. It faces 
applying the lubricant of this invention to the hard disk which has a DLC protective coat, and the approach of a spin 
coat, a DIP coat, etc. is adopted. Although especially the thickness is not restricted, it should just usually make 
about 10-200A preferably about 10-50A. In addition, since adjustment of thickness changes with the vapor pressure 
of an organic solvent, the concentration of the phosphazene compound of a general formula (1), drying temperature, 
etc., it can be carried out by choosing the organic solvent to be used suitably or adjusting concentration and drying 
temperature. 
[0010] 

[Example] An example and the example of a comparison are given to below, and this invention is explained 
concretely. 

After the hard disk was immersed, it took out, and dried for 30 minutes at 120 degrees C, and the coat of 20-30A of 
thickness was formed on the hard disk at the solution which dissolved compound (1)1g given in example 1 table 1 in 
toluene 500ml. The following trial was presented with this thing. The performance test of lubricant was carried out 
using the system drive converted so that coefficient of friction could be measured from the force concerning a head 
by measuring change of coefficient of friction at the time of starting by the CSS repeat test. The head started, 
where a disk front face is contacted, and the CSS cycle performed the stroke until a head stops again where a disk 
front face is contacted after the head has surfaced and reaching predetermined engine-speed 3600rpm in 33 
seconds, and made this 1 cycle. The texture was made nothing, in order that a hard disk might be what produced 
the 200-300A DLC protective coat by plasma CVD and might raise surface smooth nature on the record medium 
produced by 3.5 inches sputtering. The head set the load to 7.5g by Monolithic MIG (metal in gap). The life judging of 
a CSS test was taken as the time of a dynamic friction coefficient (mu) exceeding 0.6. 
[0011] 
[Table 1] 
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[0012] The permutation location of R is the meta position. 

PFPE-OH: F[CF(CF3) CF20] nCF(CF3) CH2OHNF-10:[N=P(OCH2</SUB>CF3)] (OCH2CF2CF3) 3 of average 
molecular weight 2000 [ about ] [0013] 

[Effect of the Invention] According to this invention, the lubricant for hard magnetic disks which has good CSS 
endurance can be offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the lubricant of the hard magnetic disk which is a mass record 
medium. Furthermore, this invention relates to the surface lubricant of the hard magnetic disk used as a record 
medium in detail in the recording apparatus of the contact start stop (CCS) method used as the structure where a 
record medium and the component for record / playback contact at the time of the beginning of using and a halt. 
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PRIOR ART 



[Description of the Prior Art] The Internet, intranet, a Local Area Network, etc. spread and information can be easily 
taken out only by accessing a network. Although such multimedia age is supported, external storage is in one. The 
so-called thing of the method with which a record-medium layer is prepared on a circular substrate with high 
reinforcement (hard disk) as existing mass external storage, high-speed rotation of this hard disk is carried out, and 
the component for record / playback <a head> operates, and CSS is common, and there are a fixed magnetic disk, 
an optical disk, a magneto-optic disk, etc. as a hard disk. It is equipment using a fixed magnetic disk which has 
spread most in these. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, the lubricant for hard magnetic disks which has good CSS 
endurance can be offered. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In order to perform large capacity-ization, without changing the size of 
these external storage, it is necessary to increase the surface recording density of a record-medium layer. For that, 
it is required to make bit size small and to bring a head close to a record medium as much as possible. In order to 
make spacing of a head and a disk small, irregularity on the front face of a disk must be made small, for example, for 
setting spacing to 100nm or less, irregularity must be set to 10nm or less. And if the smooth nature on the front 
face of a disk is raised, a head will become easy to stick by one side to a disk side. Moreover, in order to acquire 
high-speed responsibility, it is necessary to gather the degree of bit ******, as a result the rotational speed of a 
disk. For example, 5400 - 7200rpm is required for the maximum engine speed of a 3.5 inch hard disk, and the head 
transit rate of a disk periphery has reached 125 km/hr. However, each above modification makes a disk, the contact 
probability of a head, wear, etc. increase substantially, and makes dependability fall. 

[0004] In order to cope with these and to protect a disk front face and a head, the approach of making [ many ] 
coverage of the lubricant to a disk protective coat front face is the simplest However, if coverage of lubricant is 
made [ many ], the sliding friction of lubricating film will increase the absorption of lubricant, and it not only becomes 
large, but will cause a halt and burning of a spindle motor. If the lubricant of hypoviscosity is used in order to reduce 
a sliding friction, at the time of a high-speed revolution of a disk, lubricant will move and disappear from a protective 
coat and will cause contact of a disk and a head, and breakage. Lubricant makes the film of lubricant with the 
uniform thickness of a molecule very simply on the protective coat prepared on the hard disk, and is reducing 
friction and wear which are produced at the time of a hard disk revolution, and starting and a hart of equipment. In 
order to protect a disk and a head, a sliding friction is small, bonding strength with a protective coat is large, 
chemical stability, thermal stability, and corrosion resistance are [ it is low coefficient of friction and ] large, it has 
low-temperature lubrication capacity -10 degrees C or less, and the lubricant in which thin— film[ super-]-izing is 
possible is required of low vapor pressure. It is that are 20,000 CSS endurance or more and there is no change of 
coefficient of friction in the lubricant for hard disks. That is, even if it exceeds 20,000 times in a CSS repeat test, 
there are no abnormalities, such as a blemish, in printing and the disk of a head, and it is required that change of 
coefficient of friction should be 0.3 or less. 

[0005] The diamond-like carbon (DLC, Diamond Like Carbon) protective coat is used for the surface protective coat 
of the present hard disk from viewpoints, such as chemical stability, reinforcement, thin-film[ super-]-izing t and 
smooth nature. Since most is carbon so that clearly also from the structure, the protective coat concerned has 
small chemical affinity, and adhesion force has no choice but to hydrogen base [ which is intermingled slightly ], 
such as hydrogen bond with a nitrogen atom, and Van der Waals force. Then, as lubricant, perfluoroalkyl polyether 
oligomer (it abbreviates to "PFPE" below) is common (monthly tribology, the 99 or No. November issue, 37-38 
pages, 1995). Although PFPE is equipped with the low surface energy originating in full RUORO carbon, chemical 
inertness, low vapor pressure, and thermal stability, the bonding strength on low surface energy, therefore the front 
face of a protective coat is weak, and there is a fault to which lubricant moves and disappears from a protective 
coat with the centrifugal force of a disk revolution. Although the additive of the second component is used in order 
to stop this (USP4871625), the actual condition is that cause phase separation and sufficient effectiveness is not 
acquired for the low compatibility originating in the fluorocarbon of PFPE. Then, although there are some 
(AUSIMONT K.K., FOMBUN Z derivative) which introduced functional groups, such as a hydroxyl group and an acyl 
amide group, into the edge or center section of the PFPE principal chain in order to give affinity to PFPE, the 
functional group which has these active hydrogen has a possibility of reducing chemical stability by friction with a 
head. The technical problem of this invention is to offer the lubricant for hard disks which has good CSS endurance. 
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MEANS 



[Means for Solving the Problem] This invention relates to the lubricant for hard magnetic disks which makes an 
active principle the phosphazene compound expressed with a general formula (1). 
[N=P[0(C6H4) R]a[OCH2(CF2CF2) xH]b] y (1) 

R is a hydrogen atom, the alkyl of C 1-4, and the halo alkyl of alkoxy **C 1-4 of C 1-4 among [type, a and b are 
a+b=2 with the real number of 0-2, x is 1, 2, 3, or 4, and y is 3 or 4. ] 

The good CSS endurance of this invention compound is based on the good adhesion force to the good lubricative 
ability, high extreme pressure engine performance, and DLC protective coat of a compound (1) which have already 
been shown in many precedence reference, such as Japanese Patent Application No. No. 47680 [ 57 to ]. It is 
thought that the good adhesion force to a DLC protective coat is based on the synergistic effect of an interaction 
with a nitrogen atom and the interaction of a phosphazene ring and a DLC protective coat here at the hydrogen list 
of the hydrogen of a fluorocarbon end and a DLC protective coat by which polarization was carried out with the 
adjoining fluorine atom. 
[0007] 

[The mode of implementation of invention] In the phosphazene compound expressed with the general formula (1) of 
this invention, as alkyl of C 1-4 of R, if C 1-4 carries out alkoxy ** of methyl, ethyl, propyl, the butyl, etc., the 
radical to which a fluorine, chlorine, and a bromine permuted methoxy and ethoxy ** propoxy, butoxy one, etc. by 
the above-mentioned alkyl group as halo alkyl of C 1-4 can be mentioned. These phosphazene compound is a well- 
known compound given in JP,58-164698,A, JP.62-265394.A, JP,63-103428A a U.S. Pat. No. 4613548 description, 
etc., for example, can be manufactured by making the oligomer of phospho nitril halide, and the alkali-metal salt of 
phenols and the alkali-metal salt of fluoro alcohols react. As oligomer of phospho nitril halide, tetramers, etc. such 
mixture, etc. of the trimer of phospho nitril chloride and phospho nitril chloride can be mentioned here, for example. 
Moreover, as phenols, a phenol, methyl phenol, a methoxy phenol, a trifluoro methoxy phenol, 3-hydroxy benzo 
trifluoride, and the other things of a USP [ No. 4613548 ] publication can be mentioned. As fluoro alcohols, the 
mixture of 1, such as 1, 1, 3-trihydro perfluoro propanol, 1 and 1, and 5-trihydro perfluoro pentanol, 1, omega- 
trihydro perfluoro alcohol, etc. this, and 2, 2, 3, 3, and 3-pentafluoro propanol etc. can be mentioned, for example. 
The phosphazene compound of the general formula (1) which has desired a, b, x, and y value is obtained by changing 
suitably the class and the amount of phenols and the fluoro alcohols used in the case of manufacture. 
[0008] In this invention, the phosphazene compound of a general formula (1) can be used as lubricant as it is, or the 
phosphazene compound of a general formula (1) may be dissolved and used for a suitable organic solvent. As an 
organic solvent, for example Aromatic hydrocarbon, such as toluene and a xylene, A methylene chloride, chloroform, 
1,1,1-trichloroethane, Halogenated hydrocarbon, such as 1,1,2-trichloroethane and trichlorofluoroethane 
(chlorofluocarbon 113), The ether, such as diethylether, dimethoxyethane, dioxane, and a tetrahydrofuran, Alicyclic 
hydrocarbon, such as ester, such as ethyl acetate, ethyl butylate, and amyl acetate, a cyclohexane, cycloheptane, 
and cyclooctane, dimethylformamide, dimethyl sulfoxide, two or more sorts of these mixed solvents, etc. can be 
mentioned. 

[0009] It is used for the coat by the lubricant of this invention on a DLC protective coat, usually forming. Formation 
of the coat of this invention lubricant can be carried out with ** etc. according to a well-known approach. It faces 
applying the lubricant of this invention to the hard disk which has a DLC protective coat, and the approach of a spin 
coat, a DIP coat, etc. is adopted. Although especially the thickness is not restricted, it should just usually make 
about 10-200A preferably about 10-50A. In addition, since adjustment of thickness changes with the vapor pressure 
of an organic solvent, the concentration of the phosphazene compound of a general formula (1), drying temperature, 
etc., it can be carried out by choosing the organic solvent to be used suitably or adjusting concentration and drying 
temperature. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] An example and the example of a comparison are given to below, and this invention is explained 
concretely. 

After the hard disk was immersed, it took out, and dried for 30 minutes at 120 degrees C, and the coat of 20-30A of 
thickness was formed on the hard disk at the solution which dissolved compound (Dig given in example 1 table 1 in 
toluene 500ml. The following trial was presented with this thing. The performance test of lubricant was carried out 
using the system drive converted so that coefficient of friction could be measured from the force concerning a head 
by measuring change of coefficient of friction at the time of starting by the CSS repeat test. The head started 
where a disk front face is contacted, and the CSS cycle performed the stroke until a head stops again where a disk 
front face is contacted after the head has surfaced and reaching predetermined engine-speed 3600rpm in 33 
seconds, and made this 1 cycle. The texture was made nothing, in order that a hard disk might be what produced 
the 200-300A DLC protective coat by plasma CVD and might raise surface smooth nature on the record medium 
produced by 3.5 inches sputtering. The head set the load to 7.5g by Monolithic MIG (metal in gap). The life judging of 
a CSS test was taken as the event of a dynamic friction coefficient (mu) exceeding 0 6 
.0011] 
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[0012] The permutation location of R is the meta position. 

PFPE-OH: F[CF(CF3) CF20] nCF(CF3) CH2OHNF-10:[N=P(OCH2CF3)] (OCH2CF2CF3) 3 of average molecular 
weight 2000 [ about ] 

[Translation done.] 
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[0012] ROlMid^fitfeS. [0013] 

PFPE-OH:?^^fi^2OOO0F (CF(C [fgBJcD^jm] #fg*PJ fC «fcntfA»tt C S S tf^te£^T 

F 3 )CF:0]nCF(CF 3 )CH I OH TSA- HI^t^ X 2 m MmM £ 

NF-10: (N = P(OCH ! CF,)(OCH ! CF ! C £«, 
F,)] 3 
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